Aspergillus awamori BTMFW032, isolated from sea water, produced tannase as an extracellular enzyme under submerged culture conditions. Enzymes with a specific activity of 2,761.89 IU/mg protein, a final yield of 0.51%, and a purification fold of 6.32 were obtained after purification through to homogeneity, by ultrafiltration and gel filtration. SDS-PAGE analyses, under nonreducing and reducing conditions, yielded a single band of 230 kDa and 37.8 kDa, respectively, indicating the presence of six identical monomers. A pI of 4.4 and a carbohydrate content of 8.02% were observed in the enzyme. The optimal temperature was found to be 30 o C, although the enzyme was active in the range of 5-80 o C. Two pH optima, pH 2 and pH 8, were recorded, although the enzyme was instable at a pH of 8, but stable at a pH of 2.0 for 24 h. Methylgallate recorded maximal affinity, and K m and V max were recorded at 1.9× 10 -3 M and 830 µmol/min, respectively. The impacts of a number of metal salts, solvents, surfactants, and other typical enzyme inhibitors on tannase activity were determined in order to establish the novel characteristics of the enzyme. The gene encoding tannase, isolated from A. awamori, was found to be 1.232 kb, and nucleic acid sequence analysis revealed an open reading frame consisting of 1,122 bp (374 amino acids) of one stretch in the -1 strand. In silico analyses of gene sequences, and a comparison with reported sequences of other species of Aspergillus, indicate that the acidophilic tannase from marine A. awamori differs from that of other reported species.
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Keywords: Aspergillus awamori, acidophilic tannase, characterization Tannase, or tannin acyl hydrolase (E.C. 3.1.1.20), catalyzes the hydrolysis of the ester bond and the depside bond present in hydrolyzable tannins to form glucose and gallic acid (3,4,5-tri hydroxy benzoic acid). Industrial production of gallic acid from tannic acid is performed with tannase. Gallic acid is most commonly used in the pharmaceutical industry for the production of the antibacterial drug trimethoprim [5] , but it is also used as an important substrate for the synthesis of propyl gallate, an antioxidant, in the food industry [28] , and catechin gallates [36] . Furthermore, tannase is widely used in the manufacture of instant tea, coffee-flavored soft drinks, the improvement of flavor in grape wine, and for the clarification of beer and fruit juices. Tannase also serves to enable the cleavage of poly phenolics, such as the dehydrodimer cross-links present in the cell wall of plants, which are necessary for plant cell wall digestibility [17] , and in the determination of the structure of naturally occurring gallic acid esters [41] . A number of innovative applications of tannase have been reported, such as in the enhancement of antioxidant activity and in vitro inhibitory activity against the N-nitrosation of dimethylamine in green tea [29, 30] , in the production of derivatives from prunioside-A with anti-inflammatory activities [22] , in the hydrolysis of epigallocatechin gallates [8] , and in enzymatic treatment for the nutritive utilization of proteins and carbohydrates from peas [46] . Tannase has a potential use in the degradation of tannins present in the effluents of tanneries, the latter posing serious environmental concerns [48] . The production of tannase is mainly achieved from microorganisms using the submerged culture (SmC) technique, where the enzyme is intracellularly expressed. This method necessitates additional costs for downstream processing [9, 27] . In spite of the immense potential for the practical utility of tannase in a wide range of industries, the real use of this enzyme is at present limited owing to the lack of adequate knowledge concerning its wider properties, a lack of data concerning optimal expression, and the limited number of large-scale application studies that have been performed [2, 7] . Thus, there is a great demand for novel tannase enzymes and their thorough and intensive characterization for the efficient use and development of tailormade applications. In this context, we report the development of a purification protocol and the characterization of an acidophilic tannase, noted to be very active and stable at a *Corresponding author Phone: +91-484-2576267; Fax: +91-484-2577595; E-mail: chansek10@gmail.com, mchandra@cusat.ac.in pH of 2.0, derived from a marine fungus, Aspergillus awamori BTMFW032, and the isolation of the gene encoding sequence for the first time from this species.
MATERIALS AND METHODS

Fungus and Inoculum Preparation
Aspergillus awamori BTMFW032, isolated from sea water and available as a stock culture from the Microbial Technology Laboratory of the Department of Biotechnology at Cochin University of Science and Technology, was used. The strain was maintained on Czapek-Dox minimal agar slants supplemented with 1% tannic acid. Since tannase is an inducible enzyme, pre-induced inoculum was prepared for utilization. Spore inocula were prepared with a 10-day-old culture, grown in the same medium at 30 o C. Spores were then harvested in a 0.01% (v/v) solution of sterile Tween 80 in distilled water and were counted in a Neubauer chamber [33] .
Tannase Production
Tannase production was carried out under submerged fermentation (SmF) in a Czapek-Dox minimal medium supplemented with 2.56% (w/v) tannic acid, 0.45 M sodium chloride, 0.27 mM ferrous sulfate, 9.14 mM dipotassium hydrogen phosphate, 47 mM sodium nitrate, 5.1 mM potassium chloride, and 4.9 mM magnesium sulfate, at an initial pH of 5. The media were inoculated with a 0.5% (v/v) prepared spore suspension (7.6×10 7 CFU/ml). SmF was performed at 30 o C for 2 days, with agitation at 90 rpm. After incubation, the culture broth was centrifuged at 10,000 rpm for 15 min, at 4 o C, and the supernatant was collected and used as crude enzyme.
Analytical Procedures
Tannase and protein assay. Tannase activity was estimated according to a modified method of Sharma et al.
[44] based on the formation of chromogen between gallic acid (released by the action of tannase on methyl gallate) and rhodanine (2-thio-4-ketothiazolidine), using 0.01 M methyl gallate as substrate in a 0.05 M citrate buffer. Protein was estimated according to the method of Bradford [12] . Tannase activity was expressed in international units, where one unit of tannase activity was defined as the amount of enzyme required for the release of 1 µmol gallic acid per minute under assay conditions. Purification Clarification and removal of residual tannic acid from the culture filtrate was performed with aluminum oxide having Brockmann activity. To 100 ml of the crude culture filtrate, 50 g of aluminum oxide was added, mixed well for 30 min, kept at 4 o C for 2 h with intermittent shaking, and the clear solution was then filtered through Whatman No.1 filter paper. The aluminum oxide was later recovered by several washes in 1 N sodium hydroxide followed by a wash in 1 N hydrochloric acid and in distilled water, before reuse.
Ultrafiltration was conducted using membrane cartridges (Amicon Ultra, Millipore, U.S.A.) of different molecular mass cutoffs (30 and 100 kDa). An aliquot of 1.5 ml of concentrated enzyme extract, obtained after ultrafiltration, was subjected to gel filtration chromatography with Sephadex G-200 (Sigma-Aldrich), and the gel filtration column was equilibrated with a 0.05 M HCl-KCl buffer (pH 2) (selected after initial standardization). Elution was carried out with the same buffer at a flow rate of 1 ml/min, and fractions (1.5 ml) were collected. The column was maintained at 4 o C throughout the experiment.
SDS-PAGE analysis was carried out according to the method of Laemmli [25] using a 10% separating gel. Protein bands were detected by silver staining and Coomassie blue staining. A standard protein mixture (Genei, Bangalore, India) was used to estimate the molecular mass of the tannase.
Characterization of Purified Tannase
Isoelectric focusing of the purified enzyme was performed using the ProteanIEF Cell (Biorad, U.S.A.). The molecular mass of native tannase was determined by gel-filtration chromatography using Sephadex G-200. The mixture of high nondenaturing molecular mass markers The carbohydrate content of the enzyme was determined by the phenol sulfuric acid method using glucose as the standard [14] . Glycoprotein staining was performed by subjecting the enzyme to SDS-PAGE. In the sample buffer, glycerol was used instead of sucrose. After electrophoresis, the gel was washed twice for 2 h in a glass tray with isopropanol-acetic acid-distilled water (25:10:65) to fix the proteins and remove low molecular weight substances. Additional washes were performed to remove large concentrations of sucrose, or other soluble carbohydrates, from protein samples. A final wash for 2 h in the same solvent containing 0.2% (w/v) thymol was then done, which resulted in the formation of a stable gel. Zones containing glycoprotein were stained red. Esterase activity was determined using chromogenic substrate plates prepared with phenol red (0.01%) along with 1% substrate tributyrin, 10 mM CaCl 2 , and 2% agar, at pH 7.4 [45] .
Effects of Temperature and pH on Enzyme Activity and Stability
The effect of temperature on tannase activity was studied by incubating the enzyme at a range of between 5 to 100 o C, using 0.01 M methyl gallate as substrate and a 0.05 M citrate buffer. The thermal stability of tannase was determined to be between 30 and 80 o C for 24 h. The effects of pH on enzyme activity was determined over a pH range of 1-10 using methyl gallate as the substrate prepared in HCl-KCl buffer (pH 1-2), citrate buffer (pH 3-6), phosphate buffer (pH 7), a Tris buffer (pH 8-9), and in a carbonate bicarbonate buffer (pH 10). The stability of the enzyme in the same
